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fhe structure evolij^ion of varie^le ndio sources Is SKsnined in the 
"Hedgdiog'' [1] ncdel, p ropo s ed aa an ea^s^jBStatian fox the variation in the stream 
of quasars amd zadiosalaxies [2-4] . It is idxMn that the time ev olu tio n o£ the 
angular separation d of two ocn{x»m:±s (nucleus and cloud of electrons dissi- 
pating alo^ the force lines ^ ^ radio loagnetio field of this nuclets) ie 
described by the ellipse equation, %i)hcme ratio of axiM % yields the distesioe 
to the source in li^t time mits (c— velocity of li^t) . In ad d ition , 
if e* is velocity, 6* ie the mxelei^tion at any point ^ elli ps e, then 

If the typical iiyarinMm angular separation % and the ^D»tion i: of the radio flux 
flare eure known, then an evaluation can be nade of the distance from belcsr: 

JL^ ' 

where b>l fen: the scattering oomp onaa ts and k«2 fca: the oonverging oonponents. 
the were estimated hy using observations and K3 for the sources 

3C 84, 3C 120, 3C 273, 3C 345, 4C 39.25, as weU as %, So ^ ^ object 
VR3 42.22.01. All the model estimatet do not oontradiot the distanoes obtained 
from the red shifts in their cosmological interpretation. The conditions 

axe criteria for the applicability of the m od e l to the st ud i e d object. 
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mu HEraOD OF DISEMCE DFHERIIIATZON fO CBCQUH EXn»GAUMZnO BADXO SOURCES 
YU. A. Ebvalev 
^ mtooductioii 

Currently aJjsoet aU the methods for dataining distanora R to ectragalactic 
so ur oes are associated with optic oiaservetions. Yh e r^ « ?e, distmora have mainly 
beoi defined only to those radio source that have been suooessfuUy identified 
wltii optic objects. It.will be dtaim that the model T I e dgd iog* ** (Yezhik) , 
gested by N. S. Kardashsv [1] as a phenonenologloal nofel of quasars to eacplain 
^ variability of their radio emissions permits a determination of R directly 
&om radio astronomical observations, and pocnddra distinct ad.teria for the {applic- 
ability of the model, regardless of the observed la»r of evolution fen: the source 
radiation flew.** 


*l%iibers in margin indicate pagination in originad foreign text. 

**S^ndirotxon radiati.on in certain particular cas^ and the bas^ for the model have 
been analysed in ptfclications [2, 3] . Die structural evolution and qectnxn of 
the source synchrotrem ra^tiw have gmi^ally been examined in [4] . In oontnmt, 
this woric, within the framework of the set task, and without being limited to the 
radiation synchrotron mechanisRi has obtained a law fo: the structural evolution of 
a tuo'^oonponent source with regard foe the possible anisotropy of the initial etoc- 
tron distribution aocx)rding to velocities. Here primary attention was focused on 
a discussion of those consequenora from the obtained law that are inpxMrtant feu: 
determining R. 
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2. Description of Model 


/6 


Assume that fran the nanent in time t'Q in the radio magnetic field of a 
certain nucleus at angle L’'to the observer a cloud of ultrarelativistic electrons 
is scattered with isotropic distribution at t'g according to the pitch-angles in 
limits fron 4^aniin to ‘^cmax* the moment t'o the cloud is located a distance zq 
from the center of the nucleus with radius ; here , vMle 

the maximum linear size of the cloud is much smaller than Zg. It is assumed that 
the energy density of the magnetic field is much greater than the energy density 
of the electrons, and vdien the cloud electrons enter the nuclear area they are com- 
pletely absorbed. Any mechanism of energy loss is permitted that does not result 
in scattering of the ultrarelativistic electron radiation in directions that differ 
from the direction of its instantaneous velocity, and which permits a change in 
the energy electron during the examined time to be ignored. For the radio magnetic 
field with intensity H and pitch-angles of the electrons , on the condition that 
the adiabatic invariant of the dependence on z is preserved: 

H^H,(z^/z)* . (f) 

Sint *(z^/z)- sin r, , U) 


vtere the amounts with zero indices correspond to their values at t'Q. 

The time necesscury for the electron to traverse the 

distance from zq to z (here its pitch-angle y' changes from Vq to V) , can be found 
by integrating the ratio dt' /C'cos . After integration we will 

have: 


At' e/z, ^(r/zj cosr - C.OS 


I 
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Assuming further y^c ^*mC9nst , and passing to the time interval of the ob- /!_ 
server — ^ ^ using the delay factor [5] 

-fcos ^/e)(3t/9t')] , and selecting t(^»0, we obtain 
the law for movement of the cloud electron system, "visible" to the observer in 
the final form: 


This equation was attained on the assurrption that the angle i^is randan, 

» Kfr 4i ^ f ^ t 3"d describes the evolution 

of the sQjaration of two oatponents (nucleus and cloud) with 

It is easy to be convinced, that durii^ 
this time all the pitch-angles of the electrons evolve to values that are smaller 
than the observation angle v^le the cloud that continues to exist will be 
extinguished for the observer. 


One can show that the values of the parameters » i^onin ^onax' 
differ fron those indicated, result in the same equation (4) ; but it is correct in 
a more limited tine interval t, defined fron 


f r/i *3' < , 

X s / **** ^ . (s) 

I — COS wi"th afjy other correlations between and iV 

vdiere with a rise in t traverses the subsequent values fron V^oinin to ^ctnax» 
vAierejby 


H’* -rain l^^omax 
omaix 

tt-Azc sin ( ) 
^ ' n' o 


( 6 ) 
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In particular, with < 8^ , 'Jmln < 

''di£.persion” of the nucleus and the cloud is observed v^le 
such that z.^ rises from x sin'i)' to z^. With 


^ ‘^onax“ 

^<t^t^mz^€MS •^/c 

they converge 


from z^’T^ 

after this the cloud is extinguished due to the absorption of electrons by the /£ 


» 


nucleus, and the mcnient of extinction t^j^c is defined fron (5) by the value 
omax**^”^^° sin . if in this exanple '^omax"^'^^ ' 

dispersion of the cloud ai>d the nucleus up to manent tQtc'stjji will be observed (siach 
t case is possible, in pcirticular, with explosion and scattering of the cloud fron 


the surface of tte nucleus; then and the moveroent occurs on the background of 

the nucleus) . 


3. Methods of O btaining D istan ce 

Several methods for obtaining distance to the source follow from (4) . If the 
world is Euclidean, then t)^=R x G, \ihsre 0 is the observed angular distance to the 
nxacleus in the cloud. 


1. Taking this into consideration one is easily convinced that (4) in the 
coordinate system (t, 0) is an equation of the ellipse: 

_£i_ ^ - z. cos J^/c)i ^ ^ 

It is apparent from here that the ratio of the semiaxes tJJ^ and of the ellipse 
provides the unknown distance R: directly 

measurable amounts. 


2. Equation (4) together with the first 0' and the second 0" derivatives of o 
for t form a system of three equations with three unknowns (Zq, x and R) ; the left 


5 


part of the equations can be obtained fron the observations: 


W 

( 9 ) 

m 



The signs (9) and (10) refer bo the direction fron the niK;leus. It follcws from 
here that the visible movenent of the cloud in relation to the nucleus can occur 
both with sublight, as well as with svperlight velocities, as well as with acceler- 
aticai, and deceleration. Fron (10) we have; 


R/c (ff) 


3. If in the initial distribution for pitch-angles there are electrons with /9^ 
^q=TI/2, then one can also obtain fron (4) ; 

where tQ^c the time frcm the nanent of cloud formation to cutting off of radi- 
ation (extinction of tfe cloud) , while the parameter corresponding to it Xotc 
pending on f'*cmax adopts values from 3<otc=0 ^ ^tc~l V*’omax“^* 

We will ccrpare the potentialities of these methods . Ihe value i/' for R 3 can 
be estimated from an analysis of the relative anplitude of flow time variants [4] 
with synchrotron radiation of the cloud. Measurement of tote is complicated, linked 
both to the fact that the time up to cutting-off can be greater than the observed 
lifetime of the cloud (due to the possibility of Voniin^^) > as well as with the 
fact that it can be considerably greater than the extremely nonstationary phase of 
radiation, the flaire; during this time new clouds can merge that complicate the 
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source structure. To determijie R from R3 it is also necessary to have data on the 
initial distiibution function of electrons according to pitch-angles. These diffi- 
culties force us to use (12) only as an estimate frcm belcxv, after r^lacing tQtc 
for duration of a separate radio flux flare and (:^^-»oosi>) by the coefficient k«l, 
if "disperrion" or "stewing" of the nucleus and cloud is observed, and k«2 if they 
converge. Then; 





vhere R3 is measxired in megaparsecs, X--in years, — in angular milliseconds*. 

One should stress that the dispersion dynamics is such that the angles close to 6^ 
are reached ocrtparatively quickly (see (8) -(10)), therefore the main inaccuracy in 
estimating R3 fron (13) is aissociated with the roughness of replacing tQ^c by • 


/lO 


For R^, in contrast to R3, no knowledge of the distribution according to 
pitch-angles arid t^^ is required (it is “replaced" by extrapolation of the 
sections of curve (7) to ^0) , but notierous measurements of 0 are needed during 
the entire lifetime of the cloud in order to obtain a reliable curve (7) . This 
method is advantageous because each successive measurement 0 at the mcment of time 
tit^ approaches 0^ and tjj,, and the accuracy of the e.'^timate obtained fron here 

increases with time, in contrcist to the «timate fron (13) and it approaches the 
"true" obtained from the ratio of the ellipse axes. 


*In contrast to the frequently employed estimate R/c^y0^, where O^j is the angular 
diameter of the nonstationsuY cerponent (in the given ccise the cloud) , (13) requires 
the angular distance 0^^ between the cloud and the macleus. 
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Finally, ^2 makes it possible to determine R from an "instantaneous" measvure- 
ment of a small ellipse section (7), i.e., this method is free to a considerable 
degree from difficulties of the previous methods (simultaneously fron (8)- (10) we 
obtain z© ^ x, and consequently also if t is known) . However, vAien the accurf.cy 
of measuring 0 is insufficient, and the ambiguity of maJcing the curve through the 
obtained points is great, leurge errors are possible in determining R. 

Thus, if the primary information for estimating R fron R3 is contained in ^he 
resxalts of systematic measurements for the evolution of the spectral flow Fy of the 
source radio emission (besides these data it is sufficient to have % from obsar- 
vations of previous clouds or to make occasional measurements of © at ncments in 
time defined from the dependence of Fy on t) , ti^n in the determination and esti- 
mates of R frcm Rj^ and R2, on the contrciry, the "center of gravity" of the neces- 
sary information lies precisely in the systematic interferonetric observations. 

— Ccnyarison with Observations /II 

Sources 3C 84, 3C 120, 3C 273, 3C 345, 4C 39.25 and VRO 42.22.01 with clearly 
pronounced long-periodic variability satisfy the condition for dispersion of ccmpo- 
nents with t-^ 1 yecu: and % 1 ms [6-8] . By substituting these values and k=l in 
(13) we c±)tain a rough estimate of the distance to all of these sources: R3>60 

which agrees with the values for the distances obtained fron red shifts. Of course, 
such agreement of the estimate cannot serve as proof for the correctness of the exam- 
ined model for these chjects, but at least it is in its favor. 

For VRO 42.22.01 one can atterpt to correlate the observed evolution 6 [9, 7] 
wd.th equations (7) and (11) . The selection of this source is governed ty the fact 
that its analysis is ocrplicated to a lesser degree by the airbiguous interpretation 


8 


of interferonietric observations with the help of tWD-oaipc»\ent nodels^ than for 
nax^ other nonstationary objects.* In the limits of measurement accuracy one can 
approximate the evolution of G by curves 1 and 2 in Figure 1. If curve 1 is 
correct, thoi the existence of a point with minimal angle G«0.5 ms can be inter- 
preted by oc^tverging the nttcleus and the preceding ocqponent. Ihe possibility of 
such an eig^lanation has been noted previously, hcwever it was considered unreal 
[11] . By substituting the resvilts of the graphic differentiation of 6 in (11) we /12 
obtain the distance R 2 . For all the experimental points of curves 1 and 2 the 
values R 2 lie in the limits of 20 about R2»100 Mpe, vhich is 3-4 times snaller 
than the distance from the red shift 2=0.07 [12] . 

Curves 3-6 were obtained by "adjustment" of the observation results of the 
initial ellipse sections (7) that correspond to the distances 100 300 and 

1000 ^%3S respectively. For oorparison with ellipses 3 and 5 curves 4, 7 and 8 were 
given that chauracterize their sensitivity to the change in the sendauces tj,, and % 
of the ellipse with fixed R^^tj^/G^. One can also formally adjust to the measured 
points the ellipses that correspond to the distance R^^IOOO Nps, but the "price" 
is a sharp increase in tj,^ and e^. Thus, from all the ellipses with Ri*3000 >ps 
it is necessary to select the ellipse with tj^lSOO years, e^tf ^ order for 

its initial section to pass through the experimental points. However, Rj^>3000 


*In [10] the two-ccrponent nature of 3C 345 is stressed, and the lineau: law of 
increase in 0 is obtained as the most probable; this contradicts the discussed 
model, siiice acceleratio'i. (10) always differs from zero. Hiis result can be 
correlated with the model only after assuming that during the time of obser- 
vation a measurement was made of a relatively small section of very "elongated" 
(cis a consequence of the great distance of the source Rj^) ellipse, which can be 
approximated by a straii^t line. Further obsenxations and analysis must help to 
draw the final conclusion. 
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Figure 1. Time E.iolution of Angular Separation © in IWo-Ccrponent ^todel VRO 42.22.01 
Ebqjerxmental points cxirrespond^ to the data of publications: • -~{S] , A 
^ — [7). Curves 1 cind 2 illustrate ;hc determination of the distance fror’ 
R 2 » while 3-8 — from ^ 2 ^. (years )/%(ang. ms) are shewn at each 

of the curves 3-8. The dotted section of curve 3, that chareicterizes 
conversion of the conponents, occurs in the case of ^ernax-^ (see text) . 
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(i.e., t^lOOO years ) , apparently is not very likely If onl:^ because t^^lOO x "V 
foe 5* [4] (with syncdiixjtron mechanism of radiation ) , ^^Ic the measured dura- 
tion of the radio flarM Is Z '1 1 year [6] . 

It Is apparent from Figure 1 that If the source evolution occurs in accordance 
with curve 3, thai one m»t observe extinction cf cne of the ocnpcxients either with 
%~1.5 ms at the end of 1973-beginning of 1*'74 (in the case V'*oroax“'^2 — above) , 
or during conversion of the oomponaits from e^n'-'1.5 ms to a certain angle £V% 
during 1974-middle of 1976 (if 'f *anax^'^'/2) accordance with the dotted section of 

curve 3. One should note that the absence of noticeable extinction and possible 
constancy in the measured 0 during this entire period within the framarork of the 
developed model could occur only in the case of measuranents that refer to different 
clouds that have reatdied 6^ at a different time during the examined period. An£.l- 
ysis of the observaticns does notexclude the fact that in the beginning of 1972 /13 

a new ocnponent was formed [13] . Its oonsideraticn can be useful in tht; future. 

If the scx:xoe evolution is described by curves 6 and 5, then one can eiqject an 
increase in the angular separaticxi. 

Thus, on the condition of a correct interpretation of enployed data as measure- 
ments referring to the evolution of a single cloud, from curves 3-5 for the distance 
to VHD 42.22.01 we obtain an evaluation 1002- Ri (Mps)^lOOO. 

Ij: Conclusi cm 

Since the distance tr the studied source during the observations can be con- 
sidered unchanged, theri the conditions Rj^»oonst, R 2 =const, Ri*R2 can serve as cri- 
teria for the applicability of the model to the source. In reality, the strict 
equality in these criteria should be replaced by approximate. 
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If it is fovind that the examined model is close to acaiality for a fairly broad 
class of objects, then regular interferonetric observation together with the data 
on the time variations in the radio emission flow of the sources will possibly per- 
mit us to obtain from certain rx>nstationary objects a "radio scale" of extragalactic 
distances, regardless of the results of optic identification. 


I am grateful to M. S. Kardashev for discussions and useful advice, as well 
as Z. S. Kovaleva for .osistanoe in this work. 


References /14 


1. Kardashev, N. S. concluding remarks to book of Dzh. Berbidzh and M. Berbidzh, 
Kvazarv ["Quasars"], translated frcm English, Moscow, Mir, 1969. 

2. Kurilchik, V. N. Astrophys . Lett. , 10, 115, 1972. 

3. Ozem<Ty, L. M.; and Ulanovskiy, L. E. Astron. zh. , 51 (1974), 8. 

4. Kovalev, Yu. A.; and Mikhaylutsa, V. P. preprint of the Institute of Space 
Research of the USSR Academy of Sciences, Moscow, 1977. 

5. Landau, L. D.; and Lif shits. Ye. M. Teoriya polya ["Field Theory"], Moscow, 

Nauka, 1973. 

6. Medd, W. J.; Andrew, B. H.; Harvey, G. A. and Locke, J. L., Mem. R. astr. Soc., 
77, 109, 19, -i. 

7. Shaffer, D. B.; Cohen, M. H.; Rotiney, J. D.; Schilizzi, R. I.; Kellermann, K. I.; 
Swenson, G. W. Jr.; Yen, J. L. and Rindiart, R. Astrophys . J_., 201, 256, 1975. 

8. Schilizzi, R. T., Cohen, M. H.; Romney, J. D. ; Shaffer, D. B.; Kellermann, K. I.; 

Swenson, G. W. Jr.; Yen, J. L.; and Rinehart, R. A stroph y s . 201, 263, 1975. 

9. Klark, B. G.; Kellermann, K. I.; Cohen, M. H.; Shaffer, D. B.; Broderick, J. J.; 
Jcinncey, D. L.; Matveyenko, L. I. and Moiseev, I. G. Astr ophys . J. (Lett.), 

182, 157, 1973. 

10. Wittels, J. J.; Cotton, W. D.; Conneselman, C. C. Ill; Shapiro, I. I.; Hinter- 
egger, H. F.; Knight, C. A.; Rogers, A. E. E.; Whitney, A. R. ; Klark, T. A.; 
Hutton, L. K.} Ronnanz, B. 0.; I^dbeck, O.E.H. and Niell, A. E. Astrophys . ^ 
(Lett.), 206, 175, 1976. 


12 


11. Broderik, D. D.; Dzhonsi, L. D.; et al., preprint of the Institute of Space 
Research of the USSR Acadeny of Sciences, Moscow, 1972. 

12. Oke, J. B. and Gunn, J. E., Astrophy s . J. ( Lett.) , 189, 15, 1974. 

13. Andrew, B. H. Astrophys. (L ett.) , 186, 13, 1973. 


13 


